Introduction
As part of our interest in the rational design of mechanism-based dihydrofolate reductase (DHFR)-active compounds, we have recently reported a new class of DHFR substrates based on tautomerically-activated pterins with an 8-substituent (1, 2) . Both chemically and biochemically, the most significant property of these compounds is their high basic pK a of about 5.5 compared with that of normal oxidized pterins and folate of about 2. These cations are ideally suitable for study by SCX (strong cation exchange) HPLC. We have used this technique in a number of aspects of the chemical synthesis and enzyme mechanistic studies of these compounds, including assessment of chemical purity for enzyme assay, monitoring the isomer distribution in the synthesis of 6,8-and 7,8-disubstituted compounds (3), and simultaneous identification and quantitation of oxidized, dihydro and tetrahydro forms in mixtures formed chemically or enzymically. Results are reported to illustrate the latter two applications.
Material and Methods
SCX HPLC was performed with two types of analytical column (25 cm χ 4.6 mm) with 10 μτη particle size: Whatman Partisil and Activon Goldpak Exsil. Elution was isocratic with a mobile phase of 70% ammonium acetate or formate buffer (25 or 50 mM):
11 Funded by National Health and Medical Research Council (JEG) 2) Author to whom correspondence should be addressed 30% acetonitrile at 1-2 ml/min with pH at 3.3 or 5.5, and detection at 260 nm and by fluorescence. Compounds with methyl, ethyl, ß-hydroxyethyl, propyl, wopropyl, and allyl substituents in the 8-position with either Η or methyl in the 6-or 7-positions were studied.
Time courses for the chemical oxidation and backoxidation of 8-methyl-and 6,8-dimethyl-pterin solutions at pH 7 stirred at room temperature after addition of sodium borohydride (stoichiometric ratio of 1 : 100), were monitored by UV/vis spectra and HPLC chromatograms run on aliquots taken at intervals.
Results and Discussion

Retention times for 8-alkyl-pterins
The retention times for the pterins when run under the same standard conditions (Whatman column; 70% 25 mM NH4CH3COO: 30% CH 3 CN; pH 3.3; 2 ml/min) showed very wide variation. Values (mins) in order of increasing retention were: 7-Me-8-/Pr-Pt(22.5), 7,8-diMe-Pt(23.7) and 6,7,8-tri-MePt(26.3). As expected, a non-cationic test compound, 6-Me-7-oxo-ß-OHEt-Pt, appeared just after the void volume at 1.9 min. The wide range of Rt's obtained for these compounds, which have very similar pK a 's, indicates that separation is markedly affected by both the type of uncharged substituent in the 8-position, and the pattern of methylation in the 6-and 7-positions. The order of elution with respect to 8-substituent is: β -OHEt-Pt < allyl < z'Pr, Et, Me, Pr. With respect to methylation the order is: 6,7-H < 6-Me < 7-Me < 6,7-diMe.
Separation of 6-methyl and 7-methyl isomers
As the previous results indicated that separation of 6-and 7-methyl isomers was possible, we undertook further studies to investigate optimal column, buffer and pH conditions for methyl, ß-hydroxyethyl, propyl, «»propyl, and allyl substituents. These results are shown in Table 1 .
In general isomer separation appears to be strongly dependent on column type, with the Activon column providing the best separation in all cases. For methyl, iso pro py 1 and allyl substituents, separation is almost entirely dependent on column type, with pH or buffer variation having little effect. This is illustrated in Figure 1 
Separation of oxidized and reduced forms
Chromatograms were run under standard conditions (Whatman column; 70% 25 mM NH 4 CH 3 COO: 30% CH 3 CN; pH 3.3) at 1.5 ml/min. For 8-methyl-pterin the following sequence of results was obtained. Before addition of BH 4 , the HPLC profile showed a single peak at Rt 17 mins, with the normal UV/vis spectrum for the neutral-pterin form (1). Immediately after the addition, 3 peaks were observed at 11, 14 and 17 mins, with a UV/vis spectrum consistent with a mixture of oxidized, dihydro and tetrahydro forms (1, 2): i. e. reduction was not complete. After 2 hours of back-oxidation the HPLC profile showed a marked decrease of the peak at 14 mins, which is assigned to the tetrahydro form, and a marked increase in the peak at 11 mins, which is assigned to the dihydro Minutes Figure 1 . Examples of worst and best separation of 6-and 7-methyl isomers by SCX HPLC (see Table 1 form. After 6 and 22 hours, the only long retentiontime peak is that at 11 mins. However, a significant peak had appeared just after the void after 6 hours which suggests some breakdown of the neutral oxidized pterin (4) . The UV/vis spectrum at 6 hours was similar to that for 8-methyl-7,8-dihydropterin(l), and showed little change after 22 hours.
The results for 6,8-dimethyl-pterin were somewhat different with reduction to the tetrahydro form after addition of BH 4 being essentially complete and a different pattern of back oxidation being observed. The oxidized, dihydro and tetrahydro forms eluted at 19,14 and 11 mins respectively. There was significant back oxidation to the oxidized form after 30 mins, with the profile at 3 hours showing mostly oxidized form, some dihydro form, and a significant post-void peak due to pterin breakdown.
Conclusions
SCX HPLC conditions for 8-alkyl-pterins have been developed which allow the purity of synthesized samples to be checked prior to enzyme assay. Appropriate conditions for the separation of 6-and 7-methyl isomers have been determined, and used to monitor isomer distributions during synthesis and product purification procedures (3), or in semi-preparative HPLC. Conditions for the simultaneous separation of oxidized, dihydro and tetrahydro forms have been established which will be useful for studying product distributions of the enzymic two-step reduction of these 8-alkyl-pterin substrates with dihydrofolate reductase (1, 2). These studies have also provided information on the back oxidation of the tetrahydro forms of 8-methyl-and 6,8-dimethyl-pterins, particularly the relative stabilities of the dihydro forms under neutral conditions. They indicate that the borohydride method for preparation of 8-alkyl-dihydropterins (5) will not be directly applicable to 6,8-dimethyl-dihydropterin.
